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ABSTRACT 


This  report  presents  a  semiempiricat  curve  for  use  in  designing 
socketed  connections  subjected  to  pure  bending.  This  type  of  connection  is 
frequently  used  in  rudder  and  control  surface  connections  on  surfate  ships 
and  submarines.  The  curve  is  for  use  only  within  a  limited  range  of  param¬ 
eters  considered  of  immediate  interest  to  the  Bureau  of  Ships.  These  include 
the  depth  of  penetration  of  the  shaft  into  the  socket,  the  thickness  of  the 
socket  wall,  the  presence  of  relief  in  the  socket  wall,  and  the  type  of  attach¬ 
ment  of  the  stock  to  the  socket.  The  design  curve  v<as  obtained  by  measu. 
strains  at  discrete  locations  on  the  socketed  connection  loaded  in  pure  bending. 
The  tests  were  repeated  as  the  various  parameters  were  changed.  The  resulting 
design  curve  enables  the  user  to  predict  the  maximum  flexural  stress  in  the 
socketed  connection  with  a  stock  penetration  of  one  stock  diameter  or  more. 


INTRODUCTION 

One  of  the  problems  facing  the  ship  designer  is  the  socketed  connection,  a  type  used 
in  ship  construction.  Two  examples  of  its  use  are  in  the  connection  of  rudders  to  their 
stocks  and  in  the  connection  of  diving  planes  to  their  stocks.  Most  of  these  designs  require 
the  insertion  of  a  tapered  shaft  into  a  matching  socket.  The  shaft  is  secured  either  by  a  nut 
on  the  end  of  the  shaft  or  by  a  tapered  key  driven  through  the  assembly. 

At  the  present  time,  mos*  designs  call  for  a  penetration  of  2  or  2  1,'2  stock  diameters. 

!n  order  to  develop  the  surface  friction  of  the  joint,  the  two  pieces  must  be  fitted  so  that  they 
have  a  metal-to-metal  contact  of  at  least  80  percent.  This  necessitates  machining  both  the 
tapered  end  of  the  stock  and  the  inside  of  the  socket  to  a  very  smooth  finish  (16  rms  or  bett'r) 
and  usually  requires  hand  finishing  during  assembly.  Considering  the  sizes  involved  on  some 
of  the  newer  «hips,  it  is  obvious  that  such  an  assembly  is  both  largo  and  very  costly.  The 
problem  was  aggravated  by  the  hull  shape  and  the  use  of  large  single  propellers  with  shafts 
of  large  diameter  developed  for  USS  ALBACORE  and  subsequent  submarines.  These  hulls, 
which  narrow  toward  a  point  at  the  stern,  do  not  have  sufficient  space  for  the  penetrations 
desired.  Thus,  considerable  interest  has  been  shown  in  imjiroving  the  socketeil  connection 
dosic.i.  particulai'.v  along  the  linos  o.'  malung  the  assembly  smaller  and  lighter. 

Because  of  the  need  for  a  design  procedure  for  this  typo  of  structure,  the  David  Taylor 
Model  Basin  was  requested*  to  determine  the  governing  do.  criteria  for  this  ty,)e  of  joint 
under  pure  bonding.  Specifically,  the  investigation  was  to  determine: 

a.  If  the  entire  joint  assembly  should  be  treated  ns  i-.vo  interacting  beams  or  as  a  single 
monolithic  structure. 


'References  ore  listed  on  p.iee 


b.  If  there  is  any  appreciable  difference  in  the  strength  of  the  joint  when  the  middle  third 
of  the  tapered  fit  is  relieved. 

c.  The  variation  in  ihe  strength  of  the  joint  as  the  length  of  the  taper  engagement  is 
varied  from  1/2  to  3  stock  diameters. 

d.  The  difference  in  cost  between  a  rudder  nut  and  a  taper  key  connection. 

\ccordingly,  tests  were  conducted  at  the  Model  Basin  in  1960  and  1361  to  investigate 
the  above  requirements.  Thi.s  report  presents  the  results  of  an  investigation  conducted  on 
model  scale  and  includes  the  effects  of  stock  penetration,  yoke*  wall  thickness,  relief,  and 
type  of  stock  attachment  (rudder  nut  or  tapored  key).  Within  the  limits  of  the  investigation, 
some  basic  conclusions  about  the  design  methods  arc  drawn. 

DESCRIPTION  OF  MODELS 

The  ex|)erimental  program  employed  scaled  models  of  typical  socketed  connections. 
The  models  were  designed  so  that  it  would  be  possible  to  investigate  the  effects  of  different 
stock  penetrations,  typos  of  connections,  yoke  wall  thicknesses,  and  relief.  Since  the  pro¬ 
posed  new  stern  arrangement  of  USS  ALBACORE^  {.\GSS569)  was  of  particular  interest,  it 
was  used  as  the  basic  structure  for  scaling  the  models. 

All  the  models  had  the  same  geioral  configuration  and  consisted  of  two  shafts  or 
stocks  made  of  4140  steel.  Materia!  properties  are  given  in  Table  1.  In  general,  the  models 

were  scaled  to  ono-fourth  the  size  proposed 
for  ALBACORE.  The  model  stock  diameters 
wore  4  1/2  in.  Each  slock  had  a  2  in/ft  of 
diameter  taper  on  one  end,  and  the  two  stocks  ' 
joined  by  a  yoke  as  shown  in  Figures  1  and  2. 
The  tapered  surfaces  were  ground  to  provide  ai 
least  80  percent  contact  of  the  yoke  with  the 
stocks.  The  stocks  were  attached  to  the  yoke 
either  by  a  tappred  key  or  by  a  rudder  nut, 
ns  shown  in  Figure  3.  One  of  the  yoke  wall 
thicknesses  was  scaled  from  that  proposed  for 
ALB  ACORE  and  a  second  yoke  scaled  to  0.6  i 
thickness  was  made  to  dolermine  the  effect^- 
of  reduceil  yoke  wall  thickness.  Duplicate 
models  were  made  to  determine  the  effect  of 
adding  a  relief  to  the  middle  third  of  the  yoke 
except  at  1  1  '4-diameter  penetration. 


TABLE  1 


Material  Properties 


Piece 

Tensile 

Conipiessive 

Yield 

psi 

Yield 

psi 

Ultimate 

psi 

Yoke  1 

42,500 

93,100 

43,100 

Yoke  2 

41,500 

93.500 

45,400 

Yoke  3 

42,900 

94,000 

44,200 

Yoxe  4 

- 

- 

48,500 

Stock  1 

82,900 

111,200 

95,500 

Slock  2 

80,600 

108,800 

90,800 

Throughout  this  report,  the  piece  with  the  internal  tapered  sockets  will  be  referred  t***  as  the  yoke. 
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Taper 

(3-aiame<ef 

penetration) 


Internal  Toper 


Figure  2  -  Model  Components 
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Pertinent  (I imonsiont>  for  all  models  are  f^iven  in  Table  2.  To  economize  on  model 
coiisuui-tiuii  coats,  two  basic  stocks  and  four  yokes  were  system." tically  modified  during.',  the 
course  of  i-esting  to  provide  the  required  variations  in  parameters  for  the  18  models  listed  in 
Table  2. 


TABLE  2 

Principal  Tost  Dimensions 


Model 

A 

B 

C 

0 

E 

F 

G 

H 

K 

L 

Number 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

I 

13  1/2  or 

1/2 

1  1/4 

) 

3  Oia 

15  1/4 

12  1/2 

1  1/8 

30 

2  1/8 

6  3/4 

2  1/2 

13  1/2  or 

1/2 

1 1/4 

1 

3  Oia 

151/4 

12  1/2 

11/16 

30 

2  1/8 

5  7/8 

2  1/2 

5 

4  1/2  or 

9  1/2 

1  1/4 

15  1/4 

3  1/2 

1  1/8 

2  1/8 

6 

1  Oia 

3/4 

1 

61/4 

30 

3  5/8 

6  3/4 

2  1/2 

7 

4  1/2  or 

9  1/2 

1 1/4 

151/4 

2  1/8 

8 

1  Dia 

3/4 

1 

6  1/4 

3  1/2 

11/16 

30 

3  5/8 

5  7/8 

2  1/2 

9 

2  1/4  or 

11  3/4 

10 

1/2  Oia 

1 1/4 

151/4 

1  5/8 

1  1/8 

30 

2  1/8 

6  3/4 

2  1/2 

11 

2  1/4  or 

11  3/4 

1  1/4 

12 

1/2  Oia 

151/4 

1  5/8 

11/16 

30 

2  1/8 

5  7/8 

2  1/2 

13 

5  5/8  or 

14 

1  1/4  Oia 

0 

7  7/8 

13  1/2 

2  3/4 

1  1/8 

22  3,/4 

4  1/2 

6  3/4 

2  1/2 

15 

5  5/S  or 

16 

1  1/4  Oia 

0 

7  7/8 

131/2 

- 

1  1/8 

22  3/4 

4  1/2 

6  3/4 

2  1/2 

17 

5  5/8  or 

7  7/8 

13  1/2 

2  3/4 

18 

1  1/4  Oia 

0 

1  1/8 

22  3/4 

4  1/2 

6  3/4 

2  1/2 

0 


INSTRUMENTATION  AND  TEST  PROCEDURE 


Prior  to  testing,  each  model  was  instrumented  with  strain  gages  as  shown  in  Figure  4. 
Two  basic  groups  of  gages  were  used.  The  first  group  was  used  to  compare  longitudinal 
bending  strains  in  the  stock  and  joke  with  theorj  and  to  chock  the  synimetrj  of  loading.  The 
second  group  was  used  to  measure  the  face  strains  in  order  to  determine  bearing  stresses. 


Figure  4  -  Strain  Gage  Locations  for  Socketed  Joint  Connections 

Each  model  was  tested  in  the  600,000-lb  testing  machine.  The  basic  test  setup  is 
shown  in  Figure  5.  The  extreme  ends  of  the  model  wore  supported  on  knife  edges.  The 
mwlol  was  .subjocton  to  pure  bonding  across  the  tost  section  bj  applying  the  load  through 
the  loading  beam.  The  loading  beam  was  used  to  keep  the  load  symmetru .  No  torque  jr 
shear  was  applied  at  me  <oke. 

The  test  ol  ouci.  model  consisted  of  loading  the  model  in  incremenUs  of  1000  or 
2000  lb.  Ml  strain  gages  were  road  at  each  increment  of  load.  This  procedure  was  com 
tinuod  until  a  maximum  strain  of  1000  gin,  in.  was  obsened.  The  tests  wen  stopped  al  th 
point  since  no  yielding  loulii  ■.«  permitted  because  the  various  pietes  were  u<  lie  usevl  again. 
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EiguiO'S—  1%st<S8tup> 


This  proceduro  was  followed  oixall  tssts  listodiiir  Tdblo'Sj 

Up  to  this  poiut'ali  testing  was  static.  However^. thero  is  considerablo  vibration  ofsth 
stocks  in  a.  ship  due  to  hull  frequency,  blade  frequency,  shaft  speed,  etc.  The  amplitude  ant 
frequency  of  this  vibration  varies  considerably  from  ship  to  sLip,  and  no  given  vibratory 
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TABLE  3 


Test  Schedule 


Test  Number* 

Model 

Number 

’Penetration  in 
slock  diameters 

Yoke 

Relief 

Attachment 

2 

3 

Number  1  thick 

yes 

Taper  Key 

4 

3 

Number  1  thin 

yes 

Taper  Key 

1 

3 

Number  2  thick 

no 

Taper  Key 

3 

3 

Number  3  thin 

no 

Taper  Key 

1.25LT 

13 

1  1/4 

Number  2  thick 

no 

Taper  Key 

1.25LN 

15 

1  1/4 

Number  2  thick 

no 

Rudder  Nut 

1.25(.G)LT 

17 

1  1/4 

Number  2  thick 

no 

Taper  Key 

1.25(S0)LN 

18 

11/4 

Number  2  thick 

no 

Ruddei  Nut 

1.25(A)LT 

14 

1  1/4 

Number  2  thick 

no 

Taper  Key 

1.25(A)LN 

16 

1  1/4 

Number  2  thick 

no 

Rudder  Nut 

ILTR 

6 

1 

Number  4  thick 

yes 

Taper  Key 

ISTR 

8 

1 

Number  4  thin 

yes 

Taper  Key 

ILT 

5 

1 

Number  2  thick 

no 

Taper  Key 

1ST 

7 

1 

Number  3  thin 

no 

Taper  Key 

0.5LT 

9 

1/2 

Number  2  thick 

no 

Taper  Key 

0.5ST 

11 

1/2 

Number  2  thin 

no 

Taper  Key 

0.5LTR 

10 

1/2 

Number  2  thick 

yes 

Taper  Key 

0.5STR 

12 

1/2 

Number  2  thin 

yes 

Taper  Key 

The  meaning  of  the  test  number  is  as  follows 

1.25  —  Number  of  stock  diameters  of  penetration  of  stocks  into  yoke. 
(90)  —  Special  consideration  -  (A)  indicates  tests  run  clter  vibration 
of  assembly,  (90)  indicates  toper  key  turned  vertical  instead 
of  on  neutral  axis. 

L  —  Thickness  of  yoke  —  L  is  thick,  S  is  thin. 

T  —  Type  cf  attachment  —  T  is  toper  key,  N  is  rudder  nut. 

R  -  Relief. 


loadir  r  can  bo  co'’.f  idorod  as  roprosoniativo  for  all  ship.s.  Ilowotor,  it  was  foil  that  vibration 
should  not  bo  nogloclod.  Accordinglv,  a  random  sinusoidal  vibration  with  a  maximum  alter¬ 
nating  force  of  -  1000  lb  and  a  maximum  froquencj  of  2.5  cps  wa.s  applied  to  the  center  of  the 
model  by  moans  of  a  Lazan^  oscillator.  This  vibrator,)  load  wa.s  applied  for  8  hr  to  a  thick 
yoke  model  having  a  depth  of  penetration  of  1  1,  I  diameters.  The  model  u.sed  had  a  tapered 
key  in  one  stock  and  a  rudder  nut  in  the  other  stock  Bendinu  load.s  were  applied  to  the  model 
before  and  after  vibration  and  the  .strains  were  con  eared. 


9 


TEST  RESULTS 


The  bending  strains  measured  on  the  extreme  fiber  of  the  >oke  during  these  tests  are 
converted  to  stresses  directly  from  the  following  equation: 


a  -  Et 


[11 


where  a  is  stress  in  psi, 

E  is  modulus  of  elasticity  in  psi,  and 
<  is  strain  in  in/in. 

The  resulting  stresses  for  the  models  with  tapered  key  are  plotted  in  Figures  6  through  12. 
Figure  13  compares  the  stresses  resulting  from  a  tapered  key  coii:iection  with  those  resulting 
from  a  rudder  nut  connection.  All  these  strains  were  taken  at  an  applied  nioment  of  75,000 
in-lb.  This  was  the  highest  moment  that  could  be  safely  applied  to  all  models  without  causing 
yielding.  In  each  of  these  figures  the  theoretical  stresses,  computed  by  assuming  the  structure 
to  be  monolithic,  were  also  plotted.  These  were  computed  from  the  equation: 


whore  o  is  the  stress  in  psi, 

M  is  applied  :nomont  in  in>tb, 

I  is  moment  of  inertia  in^,  and 

r  is  the  distance  from  the  neutral  axis  to  the  extreme  fiber  in  inches 

An  examination  of  Figures  6  through  13  indicates  differences  between  the  theoretical 
and  experimental  bending  stresses.  The  differences  become  quite  large  as  the  length  of 
penetration  is  reduced.  The  results  shown  in  those  figures  are  summarized  in  Table  4  which 
indicates  the  maximum  experimentally  determined  stress,  the  corresponding  theoretical  stress 
computed  by  Equation  [2],  and  the  correction  factor  A',  which  is  the  ratio  of  those  two  stresses 
The  variation  of  K  with  penetration  is  plotted  in  Figure  14.  It  must  bo  noted  that  all  the  re¬ 
sults  are  based  on  Equation  [11.  This  is  not  strictly  correct  when  the  depth  of  penetration  is 
very  small  or  when  the  yoke  is  very  thin.  Under  these  conditions  there  may  also  bo  some  high 
ci.eumferentiai  stresses.  This  is  evident  by  the  sign  reversal  in  the  bottom  fiber  of  the  small 
depth  of  penotration  models.  No  allowance  was  made  fu  this  since  it  was  felt  that  tho  stros 
SOS  were  small  compared  to  tho  .maximum  bonding  and  that  their  effects  were  accounted  for  iii 
tho  correction  factor.  This  is  one  roa.son  for  limiting  tho  use  of  Figure  14  to  ono-dinm  tor 
penetration  or  more. 

Other  types  of  du.^  also  collected  during  tho  tests  included  face  stresses  (Tables  5 
and  6)  and  bonding  results  oofore  and  after  vibrotion  (Figure  15).  One  result  of  tho  vibration 
tests  was  that  tho  rudder  nut  was  loose  at  tho  end  of  tho  8  hr  of  vibration. 
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(  Text  continued  on  page  18.) 


Figure  6  —  Bending  Stress  Distribution  for  Three-Diameter  Penetration, 
Thick-Wall  Yoke,  75,000  In-Lb 


Figure  7  —  Bonding  Stress  Distribution  for  Throo-Diamoter  Penetration, 
Thi.i-\Vnll  Yoke,  75,000  In-Lb 
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Figure  8  -  Bending  Stress  Distribution  for  1  1/4-Diameter  Penetration, 
Thick-Wall  Yoke,  75,000  In-Lb 


-23,000 


4  6  a  10 

Horuonlol  Distance  in  inches 


Figure  9  -  Bonding  Mross  Distribution  for  One-Diameter  Penetration, 
Thick-Wall  Yoke,  75,n00  In-Lb 


12 


Figure  10  -  Bending  Stress  Distribution  for  One-Diameter  Penetration, 
Thin-Wall  Yoke,  75,000  In-Lb 


Figuio  11  -  Bonding  Stress  Distribution  for  1/2-Diamotor  Penetration, 
Thick-Wall  Yoke,  75,000  In-Lb 
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Figure  12  -  Bending  Stress  Distribution  for  l/2*Diameter  Penetration, 
Thin-Wall  Yoke,  75,000  In-Lb 


Figure  13  -  Bonding  Stress  Distribution  for  1  1/4-Diamotor  Penetration, 
Thick-Wall  Yoke.,  75,000  In-Lb 
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Figure  14  —  “A'”  Factor  versus  Penetration 


TABLE  5 


Face  Stresses  at  a  Nfoment  of  75,000  In-Lb 

AH  stresses  in  psi;  oil  angles  in  deg. 
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TABLE  G 

Face  Stresses  Measured  during  Maximum  Loading  Test 

The  stresses  shown  m  this  table  are  determined  elastically  from  measured  strains,  Therefote  stresses  above 
50,000  psi  are  not  valid. 
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Figure  15  -  Effects  of  Vibration  on  Top  Fiber  Strains  of  the  Yoke 
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The  final  test  was  taken  to  failure.  The  results  of  this  test  are  shown  in  Figures  16 
through  21. 


Figure  16  -  Model  after  Maximum  .Vpplioil  Load 


No  ;.ood  Condition 


Lood  Condition 


Gap 
Seetion  A-A 


Figure  17  -  .Sketch  of  Damage  to  Model 
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MomtAt  kipon. 

Figure  20  -  Deflection  Head  cf  Testing  Machine  versus  Applied  Load 


HorttoAtol  Di\fanc«  rt 


Figure  21  ~  Bonding  Slrossos  in  I  1/4-Diamoter  Penetration,  rhick-Wall  Yoke, 
at  a  Moment  of  540,000  ln>Lb 


The  models  were  disassembled  after  each  test.  To  got  some  idea  of  the  joint  friction 
developed,  one  stock  was  removed  from  the  assembly  by  loading  the  model  in  tension  in  the 
testing  machine.  The  loads  required  to  remove  the  stock  from  the  yoke  are  lablulated  below; 


Penetration 

Load 

stock  diameter 

pounds 

3 

15,000  ±1.000 

1 1/4 

not  removed 

1 

7,500  ±  500 

1/2 

5,000  ±  500 

DISCUSSION  OF  RESULTS 

The  pertinent  results  obtained  from  this  program  are  summarized  in  Figure  H.  Within 
the  limits  imposed  by  the  experimental  program,  this  curve  can  be  used  to  predict  the  maxi¬ 
mum  bending  stresses  in  a  socketed  connection.  These  limits  are  as  follows: 

1.  The  stock  must  penetrate  the  yoke  no  less  than  1  stock  diameter. 

2.  The  .Tiinimuni  yoke  wall  thickness  must  be  no  less  than  0.15  stock  diameter. 

3.  No  torques  or  shear  stresses  are  applied  across  the  yoke. 

4.  The  taper  ratio  is  2  in/ft  of  diameter. 

5.  If  relief  is  provided,  no  more  than  the  middle  third  of  the  yoke  may  bo  relieved. 

Although  those  ll.ciitations  do  not  necessarily  preclude  the  successful  design  of  other 
connections,  they  do  indicate  that  any  great  departure  from  them  would  require  additional 
oxporimontnl  verification. 

Within  those  limitations,  the  bending  stresses  can  be  computed  from  the  equations 


or 


<7 


<!>  \  Me  , 

_  1  _  when  1<^&<3.7 


[3al 


o 


Me 

T 


when  i/i>Z,7 


[3bl 


where  i/i  is  the  stock  penetration  in  stock  diameters  and  o,  M,  j,  and  /  are  defined  in  Equation 
[2).  Equations  [3]  are  valid  only  in  the  elastic  range. 

As  expected,  the  1/2-diamoter  thin-wall  yoke  reached  the  1000  pin/in.  limit  at  a  lower 
load  than  any  of  the  other  models.  This  load  was  equivalent  to  an  applied  moment  of  75,000 
in-Ib  (85  percent  of  the  design  load  for  USS  ALBACORE).  Since  this  is  the  highest  moment 
that  could  bo  applied  to  one  .model,  it  is  the  moment  that  should  bo  used  for  comparison  pur¬ 
poses.  Therefore,  the  stral.ns  observed  in  each  model  at  75,000  in-lb  are  presented.  Since  the 
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model  with  the  thick-wall  yoke  having  a  l-diametor  depth  of  penetration  wab  scaled  from  the 
proposed  4LBAC0RE  design,  it  was  also  subjected  to  the  proposed  design  moment,  210,000 
in-lb,  and  the  resulting  strains  were  measured. 

Several  attempts  were  made  to  calculate  the  face  stresses  listed  in  Tables  5  and  6. 
However,  this  was  abandoned  as  impractical  because  of  the  large  number  of  variables  present. 
Within  the  test  limits,  none  of  the  bearing  stresses  are  high  enough  to  cause  concern  but  they 
should  be  considered  in  any  extreme  design. 

During  the  majority  of  these  tests,  the  tapered  key  was  on  the  neutral  axis  so  that  the 
extreme  fiber  strains  would  not  be  influenced  locally  by  this  key.  .Since  this  is  not  the  normal 
orientation,  one  test  was  run  with  a  model  rotated  90  deg  to  determine  any  adverse  effects 
from  testing  at  the  unusual  orientation.  Figure  13  indicates  that  there  are  no  adverse  effects 
provided  there  is  enough  area  to  prevent  a  shear  failure  at  th.-  keyway. 

No  difference  in  cost  figures  between  the  rudder  nut  and  the  tapered  key  types  of 
assemblies  can  be  presented  except  on  the  model  scale.  It  took  about  twice-  as  long  to  fabri¬ 
cate  and  assemble  the  key  end  as  it  did  the  nut  end  although  the  material  costs  arc  about  the 
same  for  the  two  assemblies. 

When  the  final  test  was  run,  it  was  decided  to  investigate  the  effects  of  gross  overload 
and  test  to  failure.  It  was  hoped  to  learn  something  about  the  failure  mechanism  of  a  joint  of 
this  nature.  As  the  teat  progressed,  however,  it  became  apparent  that  the  model  was  ductile 
enough  that  it  would  just  bend  excessively.  At  a  load  of  119,000  lb,  which  corresponds  to  a 
moment  of  1,300,000  in-lb,  the  deflection  was  so  great  that  the  joint  was  considered  oper¬ 
ationally  useless.  Examination  of  the  model  after  the  load  was  removed  showed  the  model  to 
be  badly  deformed  (Figures  16  and  17).  The  disassembled  model  revealed  that  the  machined 
fit  was  badly  distorted  (Figure  16)  and  the  tapered  key  was  bent  (Figure  18).  No  apparent 
thread  damage  was  observed  at  the  nut  end. 

The  flexural  stresses  obtained  during  these  tests  are  shown  in  Figure  19  for  a  moment 
of  900,000  in-lb.  \lthough  this  moment  was  only  two-thirds  of  tne  maximum  applied  moment, 
it  was  chosen  since  it  was  about  the  highest  load  at  which  most  gages  were  still  operative. 

It  is  noted  that  the  data  of  Figure  19  do  not  fit  the  curve  of  Figure  14  due  to  yielding.  How¬ 
ever,  by  using  a  plot  of  head  deflection  versus  load  (Figure  20),  it  is  possible  t  I  some  idea 
of  the  onset  of  yielding  in  the  model.  If  the  flexural  stresses  are  plottcfl  for  smont  of 
520,000  in-lb,  the  onset  of  yield  as  shown  by  the  head  deflection  (Figure  20),  the  results  arc 
compatible  with  those  of  Figure  14.  To  provide  additional  data,  the  results  obtained  in  this 
way  are  plotted  in  Figure  14.  The  slight  discrepancy  is  attributed  to  experimental  scatter 
and  nonsymmetry  of  loading. 


SUMMARY  AND  CONCLUSIONS 

Uased  on  the  data  from  those  tests  the  following  conclusions  are  drawn; 
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1.  It  is  possible  to  predict  the  flexural  stresses,  within  design  accuracj^,  for  a  socketed 
connection  loaded  in  pure  bending  if  the  stock  penetrates  the  yoke  at  least  one  stock  diameter. 

2.  It  is  impractical  to  predict  the  stresses  on  the  face  of  the  yoke.  However,  within  the 
range  of  parameters  considered  in  these  tests,  the  face  stresses  are  not  large  enough  to 
cause  concern. 

3.  Relief  does  not  significantly  affect  the  bending  stresses  in  the  yoke. 

4.  The  bending  stresses  are  about  the  same  whether  the  rudder  nut  or  the  tapered  key 
is  used. 

5.  The  1  1/4-diameter  model  began  to  yield  at  a  moment  of  520,000  in-lb,  but  it  was  able 
to  .-lustain  a  moment  of  1,300,000  in  lb  without  breaking.  However,  the  bearing  surfaces  were 
badly  deformed  and  a  permanent  deflection  of  approximately  1/2  in.  was  observed. 

6.  On  the  model  scale,  the  cost  of  fabricating  the  nut  was  about  half  that  of  the  key. 
However,  this  may  be  entirely  different  for  full  scale. 

RECOMMENDATIONS 

If  a  considerable  amount  of  design  work  outside  the  scope  of  this  program  is  planned, 
it  is  recommended  that  additional  experimental  work  be  done.  This  should  be  designed  to 
extend  the  curves  of  Figure  14  particularly  in  terms  of  yoke  thickness  and  taper  ratio. 

ACKNOWLEDGMENTS 

The  author  wishes  to  express  his  thanks  to  all  the  members  of  the  Model  Basin  staff 
who  assisted  with  the  tests.  In  particular,  the  author  wishes  to  thank  Mr.  John  Frazier, 
Industrial  Department,  for  his  assistance  and  helpful  suggestions  made  during  the  model 
construction  phase  and  to  Mr.  Robert  Abrams  who  ran  a  number  of  the  tests  and  reduced  a 
great  deal  of  the  data. 

REFERENCES 

1.  Bureau  of  Ships  Hr  All/NS731-037(442)  Serial  442-132  of  30  Doc  1959. 

2.  Bureau  of  Ships  Hull  Contract  Guidance  Plan  AGSS  569-800-1934052. 

3.  Robinson,  Q.R.,  “Vibration  Machines  at  the  David  Taylor  Model  Basin,"  David 
Taylor  Model  Bas,.  Report  821  (Jul  1952). 


23 


INITIAL  DISTRIBUTION 


Cop..’S 

13  CHBUSHIPS 

2  Sci  &  Res  Sec  (Code  442) 

1  Lab  Mgl  (Code  320) 

3  Tech  Info  Br  (Code  335) 

1  Ships  Res  Br  (Code  341) 

1  Stru  Mech,  Hull  Mali  &  Fabri  (Code  341A) 
1  Prelim  Des  Br  (Code  420) 

1  Prelim  Oes  Sec  (Code  421) 

1  Hull  Des  Br  (Code  440) 

1  Prop,  Shaft,  &  Bearing  Bt  (Code  644) 

1  Hull  Arrgt,  Struc,  &  Preserv  (Code  633) 


Copies 

1  EB  Div,  Gen  Dyn  Corp 
1  Gibbs  and  Cox,  Inc.,  New  York 
1  Bethlehem  Steel  Co,  Quincy 

1  Todd  Shipyard,  New  Orleans 

1  Md  SB  &  DD  Co,  Baltimore 
1  Avondale  Marine  Ways,  Ini,  New  Orleans 
1  National  Steel  Co,  San  Diego 


10  COR,  ASTIA 

1  CHONR,  Stru  Mech  Br  (Code  433) 

1  NAVSHIPYD  BSN 
1  NAVSHIPYD  PUG 
1  NAVSHIPYD  NYK 
1  NAVSHIPYD  CHASN 
1  NAVSHIPYD  LBEACH 
1  NAVSHIPYD  PEARL 
1  NAVSHIPYD  PHILA 
1  NAVSHIPYD  NORVA 
1  NAVSHIPYD  SFRAN 
1  NAVSHIPYD  MARE 
1  CO,  USNROTC  &  NAVAOMINU.  MIT 
1  0  in  C,  PGSCOL,  Webb 

1  SUPSHIP,  Camden 
1  NYSB  Corp,  Camden 
1  SUPSHIP,  New  York 
1  SUPSHIP,  Newport  News 
1  NNS  &  DD  Co,  Newport  News 
1  SUPSHIP,  Quincy 
1  SUPSHIP,  Groton 


25 


